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Developmental expression at the b-globin locus is regulated in
part by the locus control region, a region upstream of the genes
containing at least five major DNase I hypersensitive sites (HSs)
in mammalian erythrocytes. Sequences farther 5* of these HSs
are conserved in mouse and human, and both loci are embedded
within a cluster of functional odorant receptor genes. In hu-
mans, distant upstream sequences have been implicated in
regulation of the b-globin genes. In this study, the role of the
5*-most HSs and their adjacent sequence was investigated by
deletion of an 11-kb region from the mouse locus, including 5*HS
4.2, 5*HS 5, 5*HS 6, and the 5*b1 odorant receptor gene. Mice
that were homozygous for this deletion were fully viable, and
no significant effect on adult b-globin gene expression was
seen. 5*HSs 1– 4, which are located downstream of the deletion,
were still present in the mutant mice. In addition, two new
upstream HSs, HS 260.7 and HS 262.5, were found in erythroid
tissue of both wild-type and mutant mice. Therefore, although
the possibility of a minor role still exists, neither the HSs nor the
other regions deleted in this study are essential for b-globin
gene expression, and it is unlikely that chromatin structure is
affected either upstream or downstream of the deletion. This is
the largest deletion at the mouse locus control region to show
no apparent phenotype, and focuses attention on the possible
contribution of sequences even farther upstream.

The genes encoding the b subunits found in hemoglobin are
present in a cluster in the genome and are organized in the

order they are expressed during development in mammals (1–3).
Developmental expression at the b-globin locus is regulated in
part by the locus control region (LCR) in erythroid cells, a region
59 of the genes containing at least four major erythroid-specific
DNase I hypersensitive sites (HSs) in mammals (59HSs 1–4), and
three sites in chicken (59HSs 1–3) (3–8). At least one additional
HS is present at the 59 end of the b-globin domain: 59HS 4 in
chicken (7, 8), 59HSs 5–7 in human (9), and 59HS 4.2, 59 HS 5,
and 59HS 6 in mouse (10). In chicken, 59HS 4 defines the 59
boundary of the locus in erythrocytes, separating the generally
DNase I-sensitive and hyperacetylated chromatin of the b-globin
domain from the generally DNase I-insensitive and underacety-
lated chromatin farther upstream (11). In addition, 59HS 4 in
chicken has been shown to function as an insulator that can block
enhancer activity when placed between an enhancer and a
reporter gene in transfected erythroid cells (12, 13). This insu-
lator can also protect against position effects in cell culture (14),
transgenic fruit f lies (12), transgenic mice (15, 16), and trans-
genic rabbits (17). It is known that in vertebrates, a binding site
for the zinc finger protein CTCF is responsible for the enhancer-
blocking activity (18). Enhancer-blocking activity has also been
observed with 59HS 5 of human (12, 19). However, whereas this
enhancer-blocking activity has been observed in transfected
cells, there is evidence both for (20) and against (21) this when

tested in the context of the LCR in transgenic mice. In addition,
there is no evidence of an abrupt change in chromatin structure
in the region immediately upstream of human 59HS 5, nor at the
equivalent region of the mouse locus, because additional HSs are
present farther upstream (see above; ref. 9). In the case of the
human locus, it is also known that a transcribed retroviral
element exists upstream of 59HS 5 (22), and a region 34-kb
upstream of 59HS 5 has acetylation levels similar to those in other
nontranscribed regions of the b-globin domain (23). On the
other hand, we have found that conserved CTCF sequences exist
at 59HS 5 of both human and mouse, giving rise to the possibility
that the enhancer-blocking function may still be conserved in
these species (C.F. and G.F., unpublished observations). If
indeed boundary elements do exist at the human and mouse loci,
it raises the possibility that a 59 boundary could serve to protect
the domain from upstream encroaching chromatin effects in
erythrocytes andyor in other cell types. Alternatively, a bound-
ary could serve to protect neighboring upstream domains from
the strong enhancing properties of the LCR in erythroid cells.

Analyses of the sequences farther upstream of the mouse HSs
have revealed the presence of at least five odorant receptor (OR)
genes (9), and at least two of these (MOR59b1 and MOR59b2)
are expressed in odorant tissue. A minimum of five related OR
genes are also present 39 of the b-globin genes in mouse. Three
OR genes (again of the same subfamily) have also been found
upstream of the human b-globin LCR, and two are known to
exist 39 of the human locus from analysis of the breakpoints of
the naturally occurring deletions HPFH-1 and HPFH-6 (9, 24).
Thus, both the human and mouse loci are embedded within a
cluster of functional olfactory receptor genes. In addition to the
presence of the OR genes, a region of general sequence homol-
ogy exists between mouse and human and extends for at least 20
kb farther upstream of the HSs (9). At least two OR genes are
also present at the 39 side of the chicken b-globin locus (9, 25).
However, unlike the mouse and human locus, the chicken locus
has a preerythroid-specific folate receptor gene as its 59 neighbor
(26), and this is separated from the b-globin domain by a 16-kb
condensed chromatin region. Thus, the chicken 59 insulator may
have a function different from that of any analogous region of
the mouse and human loci.
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To examine the role of the upstream hypersensitive sites of the
mouse b-globin locus, an 11-kb deletion was carried out by gene
targeting in this study. The deletion included 59HS 4.2, 59HS 5,
59HS 6, and the 59b1 OR gene. Mice that were heterozygous and
homozygous for the mutation were generated, with homozygous
mice being fully viable and having no apparent abnormalities.
Both heterozygous and homozygous mice had at or near wild-
type (wt) levels of transcription of the adult b-globin genes, but
mice with a marker gene replacing the deleted region had
reduced levels of expression. In addition, hypersensitive site
formation at the b-globin locus was normal in the mutant mice,
and the mutation did not affect the appearance of two new
farther upstream HSs, which were found at 260.7 and 262.5 kb.

Materials and Methods
Constructs and Clones. All clones used in this study were derived
from either a P1 clone from a 129Sv mouse library (Genome
Systems, St. Louis) or from two overlapping lambda clones
encompassing the upstream region of the mouse b-globin locus
(diffuse haplotype). The sequences to 259.6 kb relative to the «y

gene transcription start site have been reported previously
(GenBank accession no. AF071080). Various smaller inserts
from these sequences were subsequently subcloned into the
vector pBluescript SK II (Stratagene). The targeting construct,
pMnDIns-2, was based on the vector pPNT (27), except that the
PGK-neo gene cassette was flanked by loxP sites (28). The 59
f lank, which contains an EcoRV to SacI fragment from positions
237,968 to 234,890 relative to the «y gene start site, was inserted
upstream of the loxP-flanked marker gene. The 39 f lank, which
contains a PvuII to SacI fragment from positions 223,934 to
221,882, was inserted downstream of the marker gene.

Gene Targeting and Generation of Mutant Mice. Gene targeting in
129 R1 embryonic stem (ES) cells (29) was carried out according
to standard procedures (30); 192 colonies were picked after
positiveynegative selection, and DNA was isolated (31) and
screened by Southern blotting. Chimeric mice were subsequently
generated with a positive clone (30), and subsequent matings
were carried out as described in Results and Discussion to
generate mice that were heterozygous and homozygous for the
mutation. DNA was isolated from a tail sample of each mouse
(30), and Southern blotting was performed to determine the
genotype.

Reverse Transcription–PCR (RT-PCR) Analysis. RNA was isolated
from the circulating blood of adult mice by using TRIzol LS
Reagent (Life Technologies, Grand Island, NY). The primers
used for amplification of the a-globin products are those de-
scribed by Weiss et al. (32). The primers bm-4 and bm-2R were
used for amplification of the b-globin genes (33), and the
RT-PCR reactions were carried out and quantified as described
by Fiering et al. (33).

DNase I Hypersensitivity Mapping. In the case of DNase I hyper-
sensitivity mapping of mouse spleen and liver, mice were treated
with N-acetylphenylhydrazine (4 mgyml in water; Sigma A4626)
to induce erythropoiesis of the spleen; 0.04 mgyg body weight
was injected intraperitoneally on days 1, 2, and 3, followed by
sacrifice on day 5. Spleens increased in weight from '90 6 20
mg pretreatment to 300 6 50 mg posttreatment. In the case of
mutant mice that retained the marker gene, spleen weight
increased to 525 6 25 mg. Nuclei were isolated from dissected
livers and spleens (34), and DNase I hypersensitivity mapping
was carried out as described by Reitman et al. (34).

In the case of DNase I hypersensitivity mapping of cell lines,
nuclei were isolated as follows. Between 5 3 107 to 1 3 108 cells
were harvested and washed once in ice-cold PBS, followed by
one wash in ice-cold 10 mM TriszHCl (pH 7.5)y10 mM NaCly3

mM MgCl2 plus 0.1 mM PMSF. Cells were then resuspended in
5 ml of 10 mM TriszHCl (pH 7.5)y10 mM NaCly3 mM MgCl2
plus PMSF, and 10% NP-40 solution was added dropwise while
slowly vortexing to give a final concentration of 0.5% NP-40.
Cells were incubated on ice for 10 min, gently vortexed again,
then nuclei were spun for 10 min at 600 3 g. Nuclei were washed
once more with 10 mM TriszHCl (pH 7.5)y10 mM NaCly3 mM
MgCl2 plus PMSF, then resuspended in 5 ml of DNase I buffer
[15 mM TriszHCl (pH 7.5)y60 mM KCly15 mM NaCly3 mM
CaCl2y5 mM MgCl2y250 mM sucrose]. The nuclei were then
aliquoted in 10 tubes at 500 ml each, and the following amounts
of DNase I (Worthington) were added in a 40-ml volume: 0, 0.2,
0.43, 0.85, 1.7, 3.4, 6.8, 13.6, 27.2, and 54.4 Units. Digestion was
for 1 min at room temperature, and reactions were stopped by
addition of 50 ml of 5% SDSy100 mM EDTA (pH 8.0); 12.5 ml
of 20 mgyml proteinase K was added and nuclei were digested
at 37°C overnight. DNA was then purified by organic extractions
and alcohol precipitation. Hypersensitive sites were subse-
quently mapped by indirect end labeling. The probes used for the
hypersensitivity assays are described in the figure legends.

Results and Discussion
Deletion of an 11-kb upstream region of the mouse b-globin
locus was carried out by gene targeting in ES cells (Fig. 1). The
deleted region included 59HS 4.2, 59HS 5, 59HS 6, and the coding
region of the 59b1 OR gene, whereas the remaining regions of
the LCR were still present in the mutant allele (Fig. 1 A). The
neomycin marker gene of the targeting construct was flanked by
loxP sites to allow for its subsequent excision in the presence of
Cre recombinase, because it has previously been demonstrated
that marker genes can affect the phenotype of a knockout at a
regulatory region (10, 33, 35, 36). The strategy for screening ES
cells that were transfected with the targeting construct is shown
in Fig. 1B, and the Southern blot shows a single clone that was
positive for the mutant allele.

ES cells from the positive clone were subsequently injected
into blastocysts to generate chimeric mice. These blastocysts
were derived from the mouse strain C57BLy6, which contains
the single haplotype of the b-globin locus, whereas the ES cells
contain the diffuse haplotype of the b-globin locus (33). Thus,
restriction enzyme polymorphisms between these two haplo-
types are present throughout the b-globin locus and can be used
to distinguish between the wt and mutant alleles (Fig. 2 and
below). Chimeric males were subsequently bred with wt
C57BLy6 females to generate mice that were heterozygous for
the mutation (Fig. 2 A), and heterozygous mice were then bred
with each other to generate mice that were homozygous for the
mutation (Fig. 2B). These mutant mice were fully viable, could
breed normally, and had no obvious abnormalities, indicating a
nondeleterious phenotype for the mutation. Because the mutant
mice still contained the neomycin marker gene (Fig. 2 A), these
mice were further bred with a transgenic strain containing a Cre
recombinase transgene that is expressed at the zygotic stage (28).
Mutant mice with the marker gene excised were obtained (Fig.
2C) and then bred to homozygosity. Again, these mice showed
no apparent defects.

To see whether the mutation affected gene expression at the
b-globin locus, expression of the adult genes was quantified in wt
and mutant mice (Fig. 3). RNA was extracted from the circu-
lating blood of adult mice, and RT-PCR analysis was carried out
by coamplification of the adult a- and b-globin genes. The
a-globin mRNA levels (331-bp product) were used for normal-
ization among the different mice samples. The b-globin primers,
which amplified a 195-bp product, could amplify both the
b-major and b-minor adult genes of the diffuse haplotype, as well
as the homologous bS and bT adult genes of the single haplotype
(33). Mice with and without the neomycin marker gene were
analyzed. The average b-globin expression as a percentage of
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that found in wt mice after normalization to a-globin expression
is shown in Fig. 3A. In the case of mutant mice that retained the
marker gene, a significant decrease in b-globin gene expression
was seen (up to 50%). This decrease was more severe in
homozygotes. However, mutant mice with the marker gene
removed showed little or no decrease in adult b-globin gene
expression (Fig. 3A), indicating that the marker gene affects the
phenotype of the deletion. Allele-specific expression was further
examined in heterozygous mice by using a restriction enzyme
polymorphism that is present in the RT-PCR product (Fig. 3B).
In the case of heterozygotes that retained the marker gene, the
mutant diffuse allele, which is digested by the BstXI enzyme,
showed 2.5–3-fold lower levels of b-globin expression than the wt
single allele. In the case of wt mice with a singleydiffuse genotype
or heterozygous mice with the marker gene removed, approxi-

mately equal levels were seen from both alleles. This confirms
that the decrease in expression in mice that retain the marker
gene is caused by down-regulation of their mutant allele. In
addition, some erythrocytes of mutant mice that retained the
marker gene had degenerative changes (hypochromasia, sphero-
cytosis, and target cells) ranging from mild to moderate, espe-
cially in the case of homozygotes (data not shown). Examination
of histologic sections of bone marrow indicated a mild to
moderate increase in erythropoiesis in homozygotes with the
marker gene. Mutant mice with the marker gene also showed
increased erythropoiesis of the spleen in response to treatment
with phenylhydrazine, compared with wt mice and mutant mice
without the marker gene (Materials and Methods). Taken to-
gether, these results are consistent with previous reports of
marker gene interference with other deletions at the b-globin

Fig. 1. Knockout strategy and screening of ES cells. (A) The upper part of the diagram shows the upstream region of the mouse b-globin locus. The positions
of the 59HSs are indicated by arrows. The dotted arrow indicates that 59HS 5 is a relatively weak site (10). The boxes with diagonal stripes indicate the positions
of the 59 and 39 flank sequences used in the targeting construct (center of diagram), where in vivo homologous recombination occurs with the corresponding
regions of the genome. The targeting construct also contains a loxP-flanked PGK-neo marker gene for positive selection (white box), and an HSV-TK gene for
negative selection (checkered box). The bottom of the diagram shows the expected recombinant allele after the correct targeting event, where the 10,956-bp
region between the two flanks is deleted. (B) The diagram shows the screening strategy used to select for correctly targeted clones. The locations of PstI sites
are indicated (P) for the wt and recombinant alleles, and the expected fragment sizes that are obtained after PstI digestion and 59 probe screening are shown.
The 59 probe is a 670-bp PstI to EcoRV fragment indicated on the diagram (gray box). The Southern blot shows a single positive clone that was obtained. This
clone was confirmed as positive by additional screening with a 39 probe (a 605-bp SacI to PstI fragment shown in the diagram).

Fig. 2. Generation and screening of mice for the mutation. (A) Chimeric males, which were derived from C57BLy6 blastocysts and targeted ES cells (diffuse
haplotype), were mated with wt C57BLy6 females (single haplotype indicated by s). The wt diffuse allele is indicated by d and the mutant allele by d*. Southern
blotting of the resulting offspring is shown by using the same screening strategy as in Fig. 1B, and the fragment sizes of the different alleles are indicated. The
wt single allele has a different fragment size from the wt diffuse allele because of a restriction site polymorphism. Heterozygous mice (syd* genotype) also
contain a 0.6-kb neomycin PstI fragment (lower blot). (B) Mating and screening of heterozygous mice. A mouse that is homozygous for the mutation (d*yd*
genotype) is indicated. All offspring with the d* allele contain the neomycin marker gene. (C) Removal of the neomycin marker gene. Homozygous mice were
bred with a mouse carrying a Cre recombinase transgene (28). Mice without the marker gene contain a 12-kb PstI fragment, indicated by diffuse*DN. These mice
are negative for the neomycin fragment (lower blot).
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locus, where severe phenotypes were also reported in the
presence, but not the absence, of the marker gene (10, 33, 35, 36).

The expression of the embryonic «y and bh1 genes was not
examined in these mice. However, it is assumed that these genes
are expressed at or near wt levels in the mutants, with perhaps
some reduction in the case of mutant mice that retain the marker
gene. It would be difficult to imagine that the mutant mice would
survive beyond the embryonicyfetal stage if the expression levels
of these genes were significantly reduced, unless there was a
substantial compensatory up-regulation of the adult genes,
which we do not expect here. We did not detect any abnormal
embryonic lethality of the mutant mice, because the litter sizes
of mutant and wt mice were similar. In addition, the newborn
pups in mutant litters were not smaller than their wt counter-
parts, regardless of whether or not the marker gene was present.

To see whether the mutation affected formation of the HSs
immediately downstream of the deletion, chromatin from the
spleens and livers of mice that had been treated with phenylhy-
drazine was analyzed. The erythroid-specific 59HS 4, which is
within 1.3 kb of the 39 breakpoint of the deletion, was found to
be present in the erythroid spleen of wt and mutant mice (Fig.
4), but not in the nonerythroid liver (not shown). Similarly,
59HSs 1–3 were detected in spleen chromatin of wt and mutant
mice (Fig. 4). These HSs were detected in all mutant mice tested,
regardless of whether or not the marker gene was present,

indicating that the 11-kb deletion does not affect hypersensitive
site formation.

Because the deletion did not have a notable effect on the
region to its 39side, i.e., the b-globin domain, another possibility
was that it could affect chromatin in a farther upstream region.
We therefore analyzed the upstream chromatin of murine
erythroleukemia cells to find the next hypersensitive site. Two
new HSs were found at 260.7 and 262.5 kb, relative to the
transcription start site of the «y gene (Fig. 5 A and B), with the
strength of these sites being comparable to that of 59HS 4 in
murine erythroleukemia cells (not shown). To see whether these
sites were present in other cell types, L929 mouse fibroblasts
were also examined (Fig. 5B). HS 262.5 was present in these
cells, but was considerably weaker than in murine erythroleu-
kemia cells, and HS 260.7 was barely if at all detectable in L929
cells, indicating that this site is not ubiquitous. Spleen and liver
chromatin from phenylhydrazine-treated mice were also exam-
ined for the presence of these upstream sites. Both of these sites
were clearly visible in the erythroid spleen of wt and mutant mice
(Fig. 5C), indicating that the mutation did not affect the
formation of these sites. As was the case for 59HSs 1–4, these
sites were also present in mutant mice that retained the marker
gene (not shown). The significance of these new HSs and their
possible relationship to the b-globin genes is not currently
known. It should be noted that whereas these sites were not
present as discrete bands in the nonerythroid liver of these mice,
some faint bands were detected in this region (Fig. 5C), indi-
cating that in liver, the chromatin between 260 and 265 kb has
some degree of DNase I sensitivity and is not condensed.

The upstream region of the mouse b-globin locus also includes
at least five OR genes, at least two of these functional in odorant
tissue (9). The significance of the presence of these genes in
relation to the b-globin locus and its LCR is not currently known,
and there is thus far no evidence for the expression of these
upstream genes in erythrocytes. It should be noted that the first
OR gene upstream of the mouse b-globin locus, the 59b1 gene
(or at least its coding region which is located '5 kb upstream of
59HS 6), has also been deleted in this study. However, because
there are '1,000 OR genes in mouse located in several clusters
throughout the genome (38–41), the loss of one such gene is not
expected to show a detectable phenotype. This is pertinent given
the fact that each OR gene is only expressed in '1–2% of
olfactory neurons within a given zone, and each neuron ex-
presses only a single OR gene (40, 41). The region between the
b-globin HSs and the 59b1 OR gene is also absent in these mice.
If a putative boundary element had been deleted in these mice
(either in this region or in one of the HSs), then it is possible that
the strong enhancing properties of the LCR could activate the
next upstream OR gene, the 59b2 gene, in erythroid cells (see
Fig. 4 for the location of this gene). However, RT-PCR analysis
showed that this gene was not expressed in erythrocytes of either
wt or mutant mice (data not shown).

In conclusion, none of the HSs or the regions deleted in this
study are essential for b-globin gene expression. It is unlikely that
this region is responsible for the open chromatin structure of the
locus in erythrocytes, although the possibility of a minor role yet
to be detected still exists. This result is in agreement with a recent
series of knockouts by M. Groudine and colleagues, where
deletion of any single HS did not show any major effect at the
mouse b-globin locus (33, 35, 36, 42). A 3.5-kb region, including
59HS 5 and 59HS 6, was also deleted by this group (10), but again
this deletion had only a minimal effect on expression of the
b-globin genes. This deletion overlaps with the one described in
this paper, but our deletion is larger and removes an additional
7.5 kb, including 59HS 4.2 and '6 kb upstream of 59HS 6. Both
of these deletions together suggest that 59HSs 5 and 6 and the
region surrounding them do not play an important role at the
b-globin locus. In addition, if any boundary elements are present

Fig. 3. Expression of adult globin genes. (A) RT-PCR analysis of adult globin
genes in circulating blood of adult mice. The gel shows coamplification of
adult b-globin mRNA (195-bp product) and a-globin mRNA (331-bp product).
The genotypes of the mice and the presence or absence of the neomycin
marker gene are indicated at the top of the gel. The average percentage of
adult b-globin expression after normalization to a-globin expression is shown
at the bottom of the gel. (B) Allelic expression of the adult b-globin genes in
heterozygous mice. The diagram shows the expected product after amplifi-
cation with the primers bM-4 and bM-2R. The position of the BstXI site in the
diffuse allele is shown, and the expected fragment sizes after BstXI digestion
are also indicated. The expression ratios from the single and diffuse alleles are
shown underneath the gel.
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in this region, such as the conserved CTCF site at 59HS 5, they
do not play a significant role in the maintenance and regulation
of the domain. Although a larger deletion has been reported at
the mouse LCR (43, 44), the deletion described in this paper is
the largest one to date where no apparent phenotype was
observed, and it suggests that the remaining regions of the LCR,
59HSs 1–4, are sufficient for normal b-globin gene expression.
This is consistent with the fact that human 59HSs 1–4 are
sufficient for full LCR activity and correct developmental reg-
ulation of b-globin genes in transgenic mice (45). In the larger
deletion that was described in mouse, the entire region from
59HS 1 to 59HS 6 was removed, but this caused major decreases

in b-globin gene expression (43, 44). However, the chromatin
within the locus remained in an open conformation in erythro-
cytes, and a low level of gene expression with correct develop-
mental switching was detected. These results suggest that other
elements, either flanking or within the locus, are responsible for
maintaining an open chromatin conformation. Possible up-
stream candidates include the two new HSs presented in Fig. 5,
but no function has been attributed to these sites to date. A
similar open chromatin conformation was also seen when 59HS
2–59HS 5 were deleted from the human b-globin locus, but in this
case, no gene expression was detected (23, 46). This result is in
contrast to the condensed chromatin conformation found in the

Fig. 4. DNase I hypersensitivity analysis downstream of the deleted region. The diagram shows a map of the upstream region of the mouse b-globin locus.
The positions of the «y gene, the 59 HSs, and two 59 OR genes are indicated. The locations of the fragments used for hypersensitivity assays are shown, and
the positions of BamHI (B) and PstI (P) sites are indicated. The dotted portion of the 27-kb BamHI fragment indicates the region that was deleted. The probe
positions on the fragments are indicated by gray boxes. (Left) 59HS 4 was detected by using a 27-kb BamHI parental fragment (16 kb for homozygotes with
the deletion), with a 557-bp EcoRI to SacI fragment as a probe. (Center) 59HS 3 was detected by using a 5.5-kb BamHI fragment, with a 359-bp SspI to BglII
fragment as a probe. (Right) 59HS 1 and 59HS 2 were detected by using a 13.5-kb PstI fragment, with the previously described probe x PCR fragment
as a probe (37). Mice used for the DNase I series shown were either wt (diffuseydiffuse genotype) or homozygous for the 11-kb mutation (diffuse*DNy
diffuse*DN genotype).

Fig. 5. DNase I hypersensitivity analysis upstream of the deleted region. (A) Map of the far upstream region of the mouse b-globin locus. The positions of the
two new HSs are indicated. (B) Analysis of hypersensitive sites in murine erythroleukemia cells and L929 cells. The parental band is a 4.3-kb BamHI to EcoRI
fragment. The position of the probe, a 285-bp AflIII to EcoRI fragment, is shown in A. (C) Analysis of upstream hypersensitive sites in spleen and liver chromatin
of phenylhydrazine-treated mice. The parental band is a 6.7-kb EcoRI to EcoRI fragment, and the probe described in B was used. Mice used for the DNase I series
shown were either wt (diffuseydiffuse genotype) or homozygous for the 11-kb mutation (diffuse*DNydiffuse*DN genotype).
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naturally occurring Hispanic deletion on which the above dele-
tion was modeled (23, 47), but the Hispanic deletion removes an
additional 27 kb upstream of 59HS 5. This suggests that this
upstream region is important for regulation. Taken together, all
of these deletions, including the one described in this paper, raise
questions about the function and definition of the mammalian
b-globin LCR and its boundaries, and its relationship, if any, to

the olfactory receptor gene cluster. Future deletions should help
shed more light on this.
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